Based on results obtained with leaf discs exposed to sulfate, leaves on cucurbit plants (Cucurbitapepo L. cv Small Sugar Punpkn and Cucuzs sativws cv Chipper) 1 to 2.5 weeks old have a low potential for H2S emission (less than 10 pkomoles per min per cm2 leaf area) in response to sulfate, whereas discs from most of the leaves on plants 3 to 4 weeks old emit H2S at a higher rate (50 to 150 picomoles per mn per cm2 leaf area). This difference is determined by the age of the plat, and is indepndent of the leaves' age or developmental stage. In response to L-cysteine, however, discs from leaves on cucurbit plants I to 2.5 weeks old emit H2S at higher rates (15 to 50 picomoles per mn per cm2 leaf area) thaa in response to sulfate. Furthermore, the potential for H2S emission in response to Lcysteine decreases with increasing age of the individual leaf. Thus, most of the potential for H2S emission in response to L-cysteine is developed during germination and the early growth of cucurbit plants, but most of the potential for H2S emission in response to sulfate arises later in the development of the plants.
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The developmental changes in the potential for H2S emission in response to L-cysteine in vivo are paralleled by changes in the cysteine desulfhydrase activity extractable from the leaves. This extractable activity, which is thought to be responsible for the generation of H2S by leaf tissue in response to L-cysteine, can be increased by preincubation of leaf discs in .-cysteine. Overt cysteine desulfhydrase activity is up to 2-fold higher, and latent cysteine desulHhydrase activity is up to 4-fold higher, in leaves on cucurbit plants 1 to 2.5 weeks old than in leaves on plants 3 to 4 weeks oldL Thus, most of the cysteine desulfhydrase activity develops duing the early penod of growth of a cucurbit plant. Overt cysteine desulfhydrase activity passes through a n value during the development of each leaf, total as well as latent cystelne desuibhydrase activities, however, declbe with increasing age of the individual leaf in much the same way as H2S emissio in response to t-cysteine declines.
In contrast to mammals which develop all their organs at the same time, plants develop new organs, e.g. new leaves, during almost all stages in their life. Because the whole plant itself is continually developing, each leaf undergoes a life cycle which may be different from that of every other leaf on the same plant, the differences being determined by the developmental stages of the whole plant. Little is known about how metabolic changes in leaves are related to, or determined by, the developmental stage of the leaf or of the plant. Most investigations which bear on this matter deal with development of photosynthetic capacity during greening, or with the final part of plant or leaf development, senescence (15) . An interesting exception is CAM, which has been shown to be controlled by the leaves' development (6) . In most succulentleaved plants, the capacity for CAM increases with leaf age (7); the low capacity for malic acid synthesis in the dark observed in young leaves of Bryophyllum is accompanied by a lack of net CO2 fixation in the dark (5) .
Sulfur metabolism in leaves also changes during leaf ontogenesis. The activity of ATP sulfurylase, which catalyzes the initial activation step in light-dependent sulfate assimilation, is low in leaves of young seedlings of soybean plants; high levels of activity are not observed in the leaves until seedlings are about 3 weeks old (1) . Furthermore, ATP sulfurylase activity increases with increasing leaf position number, independent of the age of the plant. During development of the individual leaf, ATP sulfurylase passes through a maximum level or decreases with increasing leaf age (1) . Therefore, ATP sulfurylase activity in soybean leaves is controlled by both the development of the whole plant and the development of the individual leaf.
Resistance of cucurbit leaves to acute exposure to S02 changes with the leaf position on the plant axis, decreasing gradually from the apex downward. This gradient in resistance to SO2 is not due to avoidance, since resistant leaves actually have an appreciably higher rate of S02 absorption than do sensitive leaves (2) . Resistance is, however, positively correlated with the rate of conversion of the absorbed SO2 to H2S: expanding leaves emit H2S in higher amounts and at higher rates than do mature leaves (12) .
It has recently been demonstrated that cucurbit leaves exposed to high concentrations of either sulfate or L-cysteine emit H2S into the atmosphere (9-11, 13, 14, 16). As observed with S02 as the sulfur source (2), the rates of H2S emission in response to Lcysteine were found to be high in expanding leaves and to decrease gradually from the apex downward (14) . However, these experi- Measurement of H2S E.mission. Depending on the leaf size, up to 10 leaf discs (2.65 cm2 each) were punched from each leaf and floated on 25 mM K2SO4 or 10 mM L-cysteine in a 250-ml flask. The pH of the solutions was adjusted to 6.0, and the lower surface of each disc was exposed to the solution. The flasks were sealed with rubber stoppers, covered with Teflon TFE tape. The stoppers had one port as an air inlet and a second port that was connected to an automatic four-channel selector. The four-channel selector was coupled to a flame photometric sulfur analyzer (Monitor Labs, model 8450). Air was pulled through each flask continuously at a flow rate of 180 ml min-', and the air from one flask at a time was diverted to the sulfur analyzer for monitoring. H2S emission from leaf discs of one leaf was measured intermittently during a 3-h period; with the four-channel selector, it was possible to monitor four groups of leaf discs at the same time. Illumination (8 mw cm-) was provided by a phosphor-coated metal halide lamp (400 w). When plants with more than four leaves were investigated, two groups of experiments were performed to check for possible complications due to wounding effects. In one group of experiments, the H2S emission from the younger leaves was determined first, and subsequently, the emission from the older leaves of the plant was determined; in a second group of experiments, the emission from older leaves was determined first. leaves does not appear to affect the H2S emission systems of the leaves which remain on the plant.
Determination of Cysteine Desulfhydrase Activty. From onehalf of each leaf, a group of four leaf discs (2.65 cm2 each) was punched and immediately homogenized for the determination of overt cysteine desulfhydrase activity. To measure the total (overt + latent) cysteine desulfhydrase activity, four leaf discs from the other half of each leaf were floated for 3 h on 10 ml of a 10 mm L-cysteine solution in a Petri dish prior to homogenization. Leaf discs were homogenized for 2 min in an ice-cold mortar with 3 ml 0.1 mm K-phosphate, pH 7.5, containing 1% (w/v) ascorbic acid. The crude homogenates were placed at 30°C in a 25-ml filter flask which was connected to a flame photometric sulfur analyzer (Monitor Labs, model 8450) in such a way that room air was drawn through the head space of the flask and into the sulfur analyzer. The reaction was started by addition of 0.6 ml 100 mm L-cysteine. Cysteine desulfhydrase activity was calculated as an average emission rate for the first 5 min.
RESULTS
Emission of H2S in Response to Sulfate. Independent of the age of the tissue, leaf discs punched from cotyledons, or from the first and second leaf of a pumpkin plant, emitted only tiny amounts of H2S in response to sulfate (Fig. 1) . However, considerable amounts of H2S were emitted in response to this sulfur source by leaf discs from the third leaf, and the amount emitted was a function of the tissue's developmental stage. Leaf discs from the expanding third leaf, as on a plant 19 d old, emitted H2S at a low rate, whereas leaf discs from the mature third leaf, as on a plant 26 d old, exhibited a rate of H2S emission about 7 times higher than a typical expanding third leaf; beyond 26 d of growth, the potential of the third leaf for H2S emission declined (Fig. 1) . In contrast to the expanding third leaf on the plant 19 d old, the expanding fourth leaf on pumpkin plants 26 d old showed a higher potential for H2S emission in response to sulfate (140 pmol/ min cm2 leaf area) than did the same leaf when fully expanded on a plant 33 d old (50 pmol/min cm2 leaf area). High rates of H2S emission (>100 pmol/min cm2 leaf area) were not only measured with leaf discs punched from the expanding seventh and eighth leaf, but also with those punched from the mature sixth leaf of a plant 33 d old (Fig. 1) . These data show that rates of H2S emission from leaf discs punched from pumpkin plants ofdifferent ages can vary between not detectable to as high as 100 to 150 pmol/min *cm2 leaf area, in expanding as well as in mature leaves. A similar pattern was observed in cucumber plants. Therefore In both pumpkin and cucumber plants, the total leaf area increased linearly with time during the whole 4-week period of investigation (Fig. 2) . The pattern of potential to emit H2S in response to sulfate, however, was strikingly different during the growth of the plants (Fig. 2) . The rate of H2S emission was small in leaf discs from young plants, and initially increased very slowly; after 19 and 27 d of growth, respectively, the potential for H2S emission per total pumpkin or cucumber plant increased at a high rate (Fig. 2) . These observations show that, during the development of cucurbit plants, a low potential for H2S emission in response to sulfate changes to a high potential. Rather than developing immediately after germination, this high potential only develops beyond 3 to 4 weeks of growth.
Emission of H2S in Response to L-Cysteine. In contrast to H2S emission in response to sulfate, H2S emission in response to Lcysteine was high in leaf discs punched from cotyledons and the first or second leaves of pumpkin plants of different ages (Fig. 3) . Considerable H2S emission in response to L-cysteine was also observed in discs from the third to the eighth leaf, but the rates of emission declined with increasing leaf position number (Fig. 3) . For an individual leaf, the potential to emit H2S in response to L-cysteine decreased with increasing age of the leaf (Fig. 3) . Therefore, independent of the developmental stage of the pumpkin plant, discs from expanding leaves emit H2S in response to L-cysteine at a higher rate than mature leaves with the same leaf position number. A similar pattern was observed for cucumber plants.
During the early stages of development of pumpkin as well as cucumber plants, the potential for H2S emission in response to Lcysteine rises rapidly (Fig. 4) 10 leaf discs, punched from each leaf of the planits, were floated on 10 ml 10 mM L-cysteine in the dark. The H2S content of the airstream passing the leaf discs was intermittently monitored with a flame photometric sulfur analyzer.
to L-cysteine declined to a much smaller rate of change beyond 3 to 4 weeks of growth (Fig. 4) . Therefore, during the early stages of growth of cucurbit plants, a potential for H2S emission in response to L-cysteine is developed that is not further extended during the following period of growth.
Cysteine Desulihydrase Activity. Cysteine desulfhydrase appears to be responsible for the emission of H2S in response to Lcysteine by cucurbit plants (14) . Preincubation of leaf discs in Lcysteine enhances the activity of this enzyme, as judged by the assays ofcell free extracts (4; H. Rennenberg, unpublished results). As in the case of H2S emission in response to L-cysteine by intact leaf discs, high amounts of overt and latent cysteine desufliydrase were observed in extracts of leaf discs punched from cotyledons and the first and second true leaves of pumpkin plants of different ages (Figs. 5-7 ). Substantial cysteine desulfliydrase activity was also measured in discs from the third to the eighth leaf. But with increasing leaf position number, the enzyme activities declined. This pattern was found for total, overt, and latent cysteine desulfhiydrase (Figs. 5-7) . The additional amount of cysteine desulfihydrase activity found after preincubation with L-cysteine represented about 40 to 70%o of the leaves' total activity of this enzyme. For an individual leaf, the amount of overt cysteine desulflydrase initially increased with increasing leaf age, but then decreased upon senescence, thus exhibiting the pattern of an optimum curve (Fig. 6) . However, total and latent enzyme activities both decreased with increasing leaf age. Therefore, the total amount of cysteine desulfliydrase activity present in expanding leaves was higher than in mature leaves with the same leafposition number. In the experiments shown (Figs. 5-7) , this pattern was observed for all leaves, except the third leaf. This exception, however, is not significant, but due to variation in cysteine desulfliydrase activity between different plants.
As observed for the potential to emit H2S in response to Lcysteine in intact leaf discs, cysteine desulflhydrase activity measured in vitro increased markedly during the early stages of growth of the pumpkin plants (Fig. 8) . The rate of increase of total and overt enzyme activities of the whole plants declines beyond 3 to 4 weeks of growth; latent cysteine desulflhydrase activity, however, increased linearly during the first 4 to 5 weeks of growth (Fig. 8) as also observed for the increase in leaf area of the plants (Fig. 4) . Figure 2 . Incubation and analysis were as in Figure 3 . The leaf area was measured with a leaf area meter. From these data, the potential of the whole plants for H2S emission was calculated.
Therefore, most of the overt cysteine desulfhydrase develops in pumpkin plants during the early stages of growth, and it is not further elevated during the later period of growth. Latent cysteine desulfhydrase activity, however, increases continuously during growth, thereby causing a substantial increase in the plants' total cysteine desulflhydrase activity beyond 3 to 4 weeks of growth, albeit at a lower rate than the increase during the early growth period.
DISCUSSION
The experiments presented here show that leaves on young cucurbit plants, regardless of whether they are expanding or mature leaves, have a low potential for H2S emission in response to sulfate, whereas expanding and mature leaves of plants 3 to 4 weeks old have a high potential to emit H2S in response to this sulfur source. The opposite is true in the case of H2S emission in response to L-cysteine. In addition, the potential for H2S emission in response to L-cysteine decreases with increasing age of the (w/v) ascorbic acid. 0.6 ml 100 mM L-cysteine was added to the crude homogenates and H2S emission was monitored with a flame photometric sulfur analyzer. Cysteine desulfhydrase activity was calculated as an average emission rate for the first 5 min.
individual leaf. Therefore, most of the potential for H2S emission in response to L-cysteine is built up during the early growth of cucurbit plants, whereas a high potential to emit H2S in response to sulfate is developed at a later stage of the growth of the plants. These findings suggest that the enzymes responsible for H2S emission in response to sulfate differ from those responsible for H2S emission in response to L-cysteine, with both sets of activities being under developmental control.
The extractable cysteine desulfhydrase activity in cucurbit plants also has been shown here to be under developmental control. The developmental changes in cysteine desulfiydrase activity are strikingly similar to the developmental changes in potential for H2S emission in response to L-cysteine. Both activities are mainly built up during the early period of growth of cucurbit plants. Both activities decrease similarly with increasing age of the individual leaf. These findings strengthen the evidence that H2S emission by leaf discs in response to L-cysteine is the result of the action of L-cysteine desulfhydrase in the leaves.
It may be noteworthy that the average emission rates per unit of leaf area observed during the course of plant development are similar in regard to responses to sulfate and cysteine. Thus, while the distribution in the plant of the potential for H2S emission is continually changing during development, and in opposite directions for the responses to L-cysteine and to sulfate, there appears Figure 6 , was subtracted from the total cysteine desulfhydrase activity, determined in leaf discs from the other half of each leaf as described in Figure 5 .
potential for H2S emission even in plants not exposed to high concentrations of L-cysteine or sulfate pretty much rules out an artifactual explanation of the observations. It seems very unlikely that the enzymological equipment for a modulated control of H2S emission during plant development would have arisen in evolution unless it had physiological significance.
Several instances in the lives of plants have been described in which degradation of L-cysteine and release of its sulfur may be occurring. Cucumber seeds contain cysteine-rich storage albumns (17). Therefore, the early development of a high potential for H2S emission in response to L-cysteine in cucurbit plants, especially the high emission rates found in discs punched from the cotyledons, may be connected with the degradation of these storage proteins. Another developmental occasion when a potential for conversion of sulfur in amino acids to H2S may be required is during the remobilization of leaf proteins for use in synthesis of seed storage proteins, some of which are sulfur poor. Raybould et aL (8) thione to the constituent amino acids has to be assumed. The fate of the glutathione-sulfur, however, is unknown.
